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Background

• Studies have found PM associated with
morbidity and mortality.

• Surprising few studies conducted in
California

• Central Valley has high particulate air
pollution levels



Why this study?
• Additional daily monitoring data

collected in Central Valley

• Considerable daily monitoring data
available

• Kaiser Permanente able to rapidly access
outcome data.

• Able to  link to  other health data

• Able to link exposure to residence



•  Fresno

•  San Francisco
•  San Jose

•  Sacramento

u Group practice prepaid HMO
with 3.1 million members

u 15 hospitals, 23 outpatient
clinics

u Physicians work only for
KPMCP

u Uniform health care coverage

u Serves 30% of population in
geographic region

The Kaiser Permanente Medical
Care Program of Northern

California (KPMCP)





KP Population Included
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Hospitalization Outcome Data

• Hospitalizations of KP members within the
geographic range covered by the enhanced
monitoring program.

• Cardiovascular disease (ICD-9 410-417, 420-
429, 440, 451-453).

• Acute Respiratory Disease (ICD-9 381, 382,
460-466, 480-487).

• Chronic Respiratory Disease (ICD-9 490-496).



Emergency Room Outcome Data

• ER admissions of KP members within the
geographic range covered by the
enhanced monitoring program.

• Used KP-specific system for recording
outpatient admissions (OSCR).

• Cardiovascular disease

• Acute Respiratory Disease

• Chronic Respiratory Disease



Time Series Plot



Hospital Admissions
by Quarter, KP
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Rates of Hospitalizations Admissions
Cardiovascular Acute Respiratory Chronic Respiratory

Variable N Rate N Rate N Rate

Total 24359 9.30 10469 4.00 5586 2.13
Season
   Spring 6228 9.52 2813 4.30 1444 2.21

   Summer 5819 8.89 1899 2.90 966 1.48
   Fall 6034 9.22 2099 3.21 1299 1.98
   Winter 6278 9.59 3658 5.59 1877 2.87

Center
   Sacramento 19126 9.43 8594 4.24 4370 2.16
   Stockton 1905 8.19 706 3.03 525 2.26

   Modesto 761 7.98 381 4.00 234 2.46
   Fresno 2567 9.78 788 3.00 457 1.74
Age Group

   < 20 62 0.08 3965 5.17 747 0.97
   20 - 49 2336 2.08 1011 0.90 885 0.79
   50 + 21961 30.27 5493 7.57 3954 5.45



Rates of Emergency Room Admissions
Cardiovascular Acute Respiratory Chronic Respiratory

Variable N Rate N Rate N Rate

Total 19370 7.40 20749 7.93 20354 7.77
Season
   Spring 4956 7.57 5385 8.23 5890 9.00
   Summer 4719 7.21 3328 5.08 3536 5.40
   Fall 4888 7.47 4722 7.21 4606 7.04
   Winter 4807 7.34 7314 11.17 6322 9.66
Center
   Sacramento 17604 8.68 18139 8.95 17383 8.57
   Stockton 197 0.85 379 1.63 385 1.65
   Modesto 127 1.33 201 2.11 216 2.27
   Fresno 1442 5.49 2030 7.74 2370 9.03
Age Group
   < 20 128 0.17 7888 10.29 4503 5.87
   20 - 49 2207 1.96 4764 4.23 6624 5.88
   50 + 17035 23.48 8097 11.16 9227 12.72



Exposure Data

• Criteria gaseous pollutants from ambient
air quality monitors – primary data from
the ARB

• Analytic dataset prepared by STI

• Meteorological data from NWS and local
airports.





Ambient Air Pollution Levels
by Quarter, KP
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Correlations

1.00Rel.
Hum.

-0.741.00Temp

-0.02-0.061.00NO2 1hr

0.32-0.450.621.00CO 8hr

-0.760.830.07-0.381.00Ozone
8hr

-0.510.490.410.100.481.00CF Mass

0.33-0.430.530.76-0.350.031.00PM2.5

-0.04-0.050.660.660.010.620.801.00PM10

RHTempNO2COO3CF massPM2.5PM10



STATISTICAL ANALYSIS
• Initial analyses included visual inspection

of the data, time series & correlations

• Generalized additive models used with
various approaches to control confounding

• Smoothes for temperature, relative
humidity, and time fit first using AIC
criteria.

• Offset term put into models for population
size.



STATISTICAL ANALYSIS con’t

• Results presented here are based on the
following model:

                              CV                 AR                 CR

    date (df)                  15                   60                   67

    temp. (df)                4                     1                     1

    rel. humidity           1                     1                     4

    day_week

season

city

pollutant(s)



STATISTICAL ANALYSIS con’t

• Lag analyses (0 to 5 days prior to event)

• Moving averages

• Rerun with more stringent convergence
parameters per recent report.



Cardiovascular Hospitalizations.  Percent change in rate of admission per 10 unit
increase in pollutant level for four-day moving average.
Kaiser Permanente Central Valley Study, 1996-2000.
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Acute Respiratory Hospitalizations.  Percent change in rate of admission per 10 unit
increase in pollutant level for four-day moving average.
Kaiser Permanente Central Valley Study, 1996-2000.
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Chronic Respiratory Hospitalizations.  Percent change in rate of admission per 10 unit
increase in pollutant level for four-day moving average.
Kaiser Permanente Central Valley Study, 1996-2000.
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Hospitalization Results by Season and Age
• Cardiovascular

– No significant interactions.  Slight elevations for PM
metrics in Spring & Summer

– Age affects limited to over 50 years of age.

• Acute Respiratory
– No significant interactions. Significant elevations for

PM10, PM2.5, CO, NO2 & PM components in Winter.

– Most pollutants associated in 50+ age category.

• Chronic Respiratory
– No significant interactions. Significant elevations for

PM10, PM2.5, CF mass,CO, NO2 & PM components
in Winter.

– Most pollutants associated with 20-49 & 50+ groups.



Cardiovascular Emergency Room Admissions.  Percent change in rate of admission per
10 unit increase in pollutant level for four-day moving average.
Kaiser Permanente Central Valley Study, 1996-2000.

10.371-1.6164.2062.9334.120TC (PM10)

176.562-15.50452.86730.24842.440SO4 (PM10)
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Acute Respiratory Emergency Room Admissions.  Percent change in rate of admission
per 10 unit increase in pollutant level for four-day moving average.
Kaiser Permanente Central Valley Study, 1996-2000.
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Chronic Respiratory Emergency Room Admissions.  Percent change in rate of
admission per 10 unit increase in pollutant level for four-day moving average.
Kaiser Permanente Central Valley Study, 1996-2000.
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ER Admission Results by Season and Age

• Cardiovascular
– No significant interactions.  Slight elevations for PM

metrics in Spring & Summer

– Age affects limited to over 50 years of age.

• Acute Respiratory
– No significant interactions. Significant elevations for

PM10, PM2.5, CO, NO2 & PM components in Winter.

• Chronic Respiratory
– No significant interactions. Significant elevations for

PM10, PM2.5, CO, NO2 & PM components in Winter.



Prior Work
• PM found associated in numerous other

studies.
– Studies in California (and elsewhere) have

found PM10-2.5 associated with CV &
respiratory outcomes.

• Inverse relationship with ozone found in
other studies.  Likely due to unmeasured
factors; outdoor activity level, or air
conditioning during periods of high ozone

• CO linked in many other studies to CV &
respiratory outcomes.



Conclusions
• Consistent adverse health effects were

observed between PM10 and PM2.5

hospitalizations and emergency room visits
for acute and chronic respiratory conditions.

• To a lesser extent CO and NO2 were
associated with increases in admissions for
all outcomes in our study.

• In contrast, no convincing evidence of an
association with any outcome and CF mass.



Ongoing Analyses

• Specific disease conditions
– COPD

• Discharge dx only

– Asthma
• Discharge dx only



Possible Future Studies

• Susceptibility
– Past/current medical history – a comorbidity

score.

– SES

• Additional PM chemical composition
data can be analyzed.

• Mortality



PARTICULATE AIR POLLUTION AND
MORBIDITY IN THE CALIFORNIA

CENTRAL VALLEY: A HIGH
PARTICULATE POLLUTION REGION

ARB Presentation, 14 January 2003

Funded by ARB Contract No. 97-303




